Factors affecting the initiation and elongation of stems from bulblets developed on the scales of 'White Aga' (Lilium x formolongi) were examined by low-temperature treatment of bulbscales cultured in darkness or by culturing them in a medium with colchicine at 25°C. Scale explants excised from in vitro-cultured bulblets were cultured for a total of 180 days in darkness. First, they were cultured in MS medium with 0.54 µ µ µ µM NAA and 4.4 or 44 µ µ µ µM BA at 25°C for 30 days, and then further subcultured under the following conditions: (1) continuously cultured at 25°C for 150 days (control) on MS medium with 4.4 µ µ µ µM BA; (2) cultured at 8°C for 60 days, followed by culture at 25°C for 90 days (low-temperature treatment) on MS medium with 4.4 µ µ µ µM BA; (3) cultured on MS medium with 4.4 µ µ µ µM BA and 1 µ µ µ µM or 10 µ µ µ µM of colchicine at 25°C for 30 days, followed by culture on MS medium with 4.4 µ µ µ µM BA at 25°C for 120 days (colchicine treatment). Stem elongation from bulblets developing on the scales was observed in bulblets subjected to both low-temperature and colchicine treatment. Since both treatments, which inhibit the polymerization of microtubules (MTs) and stimulate the depolymerization of MTs, affected stem elongation from bulblets, there might be some relationship between the inhibition of polymerization as well as the stimulation of depolymerization of MTs and the induction and elongation of stems in bulblets.
INTRODUCTION
In the development of lily, low temperature plays an important role in elongation of the stem. However, the mechanism underlying the low-temperature effects on stem elongation is not well understood. Our previous study showed that a relatively high concentration of BA was necessary for the elongation of stems from bulblets that had developed from the scales of 'White Aga' (Lilium x formolongi) in vitro (Ishimori and Niimi, 2003) . Low-temperature treatment increased the number of bulblets with stem elongation. A few reports have shown that low temperature inhibits polymerization of microtubules (MTs) (Hepler and Palevitz, 1974) and stimulates depolymerization of MTs (Hogetsu et al., 1986; Kerr and Carter, 1990) . Furthermore, some relationship has been reported between MT alignment and the hypocotyl, epicotyl and stem elongation in plants (Sakiyama-Sogo and Shibaoka, 1993; Steen and Chadwick, 1981; Kaneta et al., 1993; Sakoda et al., 1992) . Based on our previous results (Ishimori and Niimi, 2003) and those results (Hepler and Palevitz, 1974; Hogetsu et al., 1986; Kerr and Carter, 1990; Sakiyama-Sogo and Shibaoka, 1993; Steen and Chadwick, 1981; Kaneta et al., 1993; Sakoda et al., 1992) reported previously, we hypothesized that the inhibition of MT polymerization caused by low temperature may be related to the initiation and elongation of stems in bulblets, resulting in an increase in the number of bulblets with elongated stems. Colchicine, an anti-MT drug, inhibits MT polymerization and stimulates depolymerization (Morejohn and Fosket, 1991) . To clarify whether there is a relationship between the MT polymerization inhibition and stem induction, scales of Lilium x formolongi 'White Aga' were cultured on a medium supplemented with colchicine.
MATERIALS AND METHODS

Preparation of Medium
The basal culture medium consisted of MS medium (Murashige and Skoog, 1962) supplemented with 60 g L -1 sucrose and 0.7% agar. The medium was adjusted to pH 5.7 before the addition of agar. Thirty ml of the medium was poured into 100-ml Erlenmeyer flasks, capped with aluminum foil, and autoclaved at 121°C under a pressure of 1.2 kg cm -2 for 10 minutes.
Preparation of Scales Used for Low-Temperature and Colchicine Treatments
Scales of commercial bulbs of 'White Aga' (Lilium x formolongi) were collected and washed with tap water. After surface sterilizing with 70% (v/v) ethanol for 10 seconds, they were rinsed in tap water and swirled for 10 minutes in 10% (w/v) of benzalkonium chloride solution (Takeda Chemical Industry) diluted 10 times before use. They were then soaked in 2% sodium hypochlorite for 20 minutes and rinsed three times with sterilized distilled water. Scales were cut into 5 x 5 mm sections with a razor blade and placed in 100-ml Erlenmeyer flasks with abaxial sides on the medium.
Scale ("Generation-1", or G1-scale) segments excised from commercial bulbs were cultured on basal medium supplemented with 0.54 µM NAA and 0.044 µM BA, in darkness at 25°C from 8 to 12 weeks. Bulblets (G1-bulblets) formed on the G1-scale segments were excised, and scale (G2-scale) segments excised from G1-bulblets were cultured on the same medium for about 8 to 12 weeks. Bulblets (G2-bulblets) developed on G2-scale segments were excised, and each scale (G3-scale) excised from G2-bulblets weighing 200 to 400 mg was used in the tests of low-temperature and colchicine treatments. All scales were cultured at 25°C in darkness for a total of 180 days.
Subcultures were prepared every 30 days. The upper parts of scaly leaves together with roots were removed from bulblets on G3-scales whenever scales with bulblets were subcultured (every 30 days). Bulblets with elongated stems were also excised from the scales, and the number of bulblets with stems was recorded ( Fig. 1) .
Six flasks, in each of which 5 scales with bulblets were cultured, were used for low-temperature and colchicine treatments. Each treatment was repeated 6 times. The numbers of bulblets and bulblets with elongated stems per scale were recorded for each flask. The data were analyzed using two-way ANOVA, with temperature and BA concentrations, or with colchicine and BA concentrations. 1. Low-temperature Treatment. Scales were cultured on basal medium supplemented with 0.54 µM NAA and 4.4 or 44 µM BA at 25°C for 30 days (stage-1), and then 30 scales with bulblets were selected and cultured on basal medium supplemented with 4.4 µM BA at 8°C for 60 days (stage-2). They were then transferred and cultured on basal medium supplemented with 4.4 µM BA at 25°C for a further 90 days (stage-3). 2. Colchicine Treatment. Scales with bulblets selected at the end of STAGE-1 were cultured on basal medium supplemented with 4.4 µM BA and 0, 1 or 10 µM colchicine at 25°C for 30 days in darkness (stage-2). All scales with bulblets were transferred to basal medium supplemented with 4.4 µM BA, and cultured at 25°C for 120 days in darkness (stage-3). Solutions of colchicine were prepared by filter-sterilization (0.47 µm Millipore) and added to each medium after autoclaving.
RESULTS
Scales were cultured on basal medium supplemented with 4.4 or 44 µM BA at stage-1 and then at 8°C or 25°C at stage-2. Scales cultured in basal medium with 44 µM BA at 25°C at stage-1 formed the greatest number of bulblets, irrespective of the temperature at stage-2 (Table 1) . On the other hand, the number of bulblets with stems increased when scales were cultured at 8°C at stage-2 (Table 2) .
Colchicine added at different concentrations had little effect on the number of bulblets per scale, whereas BA concentrations affected their number (Table 3) . On the other hand, the number of bulblets with stems was affected by colchicine added together with BA, and was significantly higher in the medium with colchicine than in the control (Table 3 ). This result showed that colchicine is effective for the initiation and elongation of stems in non-chilled bulblets on scales. Bulblets formed on scales cultured on MS medium with 4.4 µM BA and 1 or 10 µM colchicine began to produce elongated stems after 60 days of culture, and the number of bulblets with elongated stems increased up to about 150 days after culture. And 1 µM colchicine proved more effective in increasing the number of bulblets with elongated stems than control and 10 µM colchicine (Fig. 2) . There were few apparent differences in external morphological characteristic among bulblets with stems induced by colchicine and those subjected to chilling treatments (Fig. 3) .
DISCUSSION
We reported previously that bulblets developing on scales produced elongated stems when the scales were previously treated at 8°C for 8 weeks then cultured on a basal medium supplemented with relatively high concentrations of BA (Ishimori and Niimi, 2003) . The present study also showed that low-temperature treatment had the effect of increasing the number of bulblets with stems ( Table 1) , showing that low-temperature treatment might play an important role in the elongation of stems in bulblets, just as BA did. Cytokinin levels increase in plants exposed to low temperature (Suttle and Banowetz, 2000; Kano and Fukuoka, 1996) . In scales cultured in basal medium with BA at stage-1 and treated at low temperature at stage-2, exogenous and endogenous cytokinins might be increased to the level needed for the differentiation and elongation of stems in bulblets developing on scales. Since low temperature inhibits the polymerization of microtubules (MTs) (Hepler and Palevitz, 1974) and stimulates the depolymerization of MTs (Hogetsu, 1986; Kerr and Carter, 1990) , the inhibition of MT polymerization might be related with the formation of bulblets with stems.
As for the relationship between the inhibition of polymerization of MTs and the formation of bulblets with stems, the results of colchicine treatment might partly support the present assumption, since colchicine, an anti-MT drug, inhibits the polymerization and stimulates the depolymerization of MTs (Morejohn and Fosket, 1991) . Furthermore, the present study showed that colchicine treatment was more effective in increasing the number of bulblets with stems on scales cultured on a medium supplemented with 44 µM BA than on one with 4.4 µM BA (Table 4 ). This shows that colchicine might have effects similar to low temperature on the differentiation and elongation of stems from bulblets in which cytokinins exist at concentrations above a certain level.
In conclusion, the inhibition of polymerization of MTs and the depolymerization of MTs induced by low temperature and colchicine affect the development of bulblets on scales, followed by the differentiation and elongation of stems from bulblets. 
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